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ABSTRACT

Two field experiments were carried out at the Experimental Farm of the Faculty of
Agriculture, Suez Canal University, Ismailia Governorate during the two successive
seasons of 2001/2002 and 2002/2003. The aim of this study was to investigate the
influence of seeds inoculation with phosphorein and phophorus fertilization levels (16,
24 and 32 kg P20s /fed) on the vegetative growth parameters, mineral contents, yield
of seedless green pods/ plant, total yield of green pods/ fed. number and weight of
green seeds/pod and weight of 100 seeds in plants of three cultivars of sugar pea
(sugar pearl, snow wind and sugar gem) under sandy soil conditions.

Data indicated that all vegetative growth parameters i.e. number of leaves/plant,
plant height, shoot fresh and dry weights and leaves area of plants obtained from
seeds inoculated with phosphorein were significantly higher than those of uninoculated
ones.All the previous growth parameters increased with increasing the rates of applied
phosphorus. Some differences were observed between the three cultivars in this
respect.

N, P and K were higher in plants treated with phosphorein or with phosphorus
than their control and the increments were corresponding with the increase in the rate
of applied phosphorus. Best results were obtained from the combination of
phosphorein and 32 kg P,0s /fed. Plants of snow wind cv. had higher N,P,K than the
other two cvs.

Yield chracteristics such as number of seedless green pods/plant, pods weight
Jlength and diameter, yield of pods/ plant and total yield/ fed. significantly increased
with phosphorein and with increasing the rate of applied phosphorus as well as with
combination of phosphorein and the highest rate of P. Number and weight of
seeds/pod and weight of 100 green seeds followed a similar trend and the snow wind
cv. gave the best recoraed parameters,

The obtained results revealed that under sandy soil conditions, the snow wind cv
treated with phosphorein before sowing and fertilized with 32 kg P,0s/ fed is the
recommended cv for producing the highest yield with good quality.

INTRODUCTION

Pea (Pisum sativum L.) is one the most popular legumes all over the
world as well as in Egypt. It is an important winter crop for local consumption
and export. Recently the Egyptian agricultural policy focused great attention
on the exportable crops such as sugar pea by introducing new cultivars and
investigating the most suitable agricultural practices for producing the highest
yield with the best quality of green pods.

Phosphorus, like nitrogen, is extremely important as a structural part of
many compounds, notably nucleic acids, phospholipids, coenzymes NAD and
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NADP, ATP and other high energy compounds (Bidwell, 1979). It plays a
fundamental role in a very large number of enzymic reactions that depend on
phosphorylation. It is also a constituent of the cell nucleus and is essential for
cell division and the development of meristematic tissues (Russell, 1973).
Moreover, phosphorus is a ubiquitous and essential element in the energy
transfer processes; it is needed in the formation of fat, in transformation of
starch to sugar, in fruiting and flowering and in fact in every phase of the
plant's vital process. (Tisdale and Nelson, 1975).

The native P content in Egyptian soils is adequate, but it is highly
immobile and easily fixed in the soil, due to the relatively high content of
CaCO., low content of organic matter and being slightly alkaline (Hamissa et
al., 1991).

Biofertilizers containing phosphate dissolving bacteria are used to
increase P availability in the soil by secreting organic acids such as formic,
acetic, propionic, lactic, glycolic, fumaric and succinic acids. These acids
lower the pH and bring about the dissolution of bound forms of phosphate.
Some of the hydroxy acids may chelate with calcium and iron resulting in
effective solubilization and utilization of phosphate (Subba Roa, 1984).

The aim of the present study is to investigate the effect of phosphorein
and different levels of phosphorus fertilizer on the growth, nutritional status,
yield and chracteristics of green pods, and number and weight of seeds/ pod.

MATERIALS AND METHODS

Two field experiments were carried out at the Experimental Farm of the
Faculty of Agriculture, Suez Canal University, Ismailia Governorate during the
two successive seasons of 2001/2002 and 2002/2003. The aim of this study
was to investigate the influence of seeds inoculation with phosphorein and
phophorus fertilization levels (16, 24 and 32 kg P20s Ifed) on the vegetative
growth parameters, mineral contents, yield of seedless green pods/ plant,
total yield of green pods/ fed , number and weight of seeds/ pod and weight of
100 seeds in plants of three cultivars of sugar pea (sugar pearl, snow wind
and sugar gem) under sandy soil conditions.

The physical and chemical properties of the experimental soil were
94 86 and 95.23 sand, 3.26 and 3.12 silt, 1.88 and 1.65 clay, 0.94 and 0.88
organic matter, pH 8.01 and 8.06 (sandy sail in texture), total N (g/kg) 0.14
and 0.17, P (g/kg) 5.56 and 5.67, K (meg/l) 0.54 and 0.58, CaCOQ; (%) 0.71
and 0.74 in the first and second seasons, respectively.

The experimental design during both seasons of the study was split -
split plot in randomized blocks with three replicates. The main plot was
assigned phosphorein treatments whereas the three phosphorus levels ( 16,
24 and 32 kg P,0s/fed.) were randomly allocated in the sub-plot and the three
cultivars ( sugar pearl, snow wind and sugar gem) were randomly distributed
in the sub- sub plot. The sub-sub plot area was 14.4 m?, consisting of 6
ridges, each ridge 4m long and 0.6m wide.
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For soil preparation, farmyard manure was applied at 30 m% fed and
covered with 10 cm sand and half of N and K in addition to two thirds of P,0s
were added. The other one third of P,0s was added two weeks after sowing,
other fertlizers and all other agricultural practices were applied as
recommended by the Ministry of Agriculture for the production of sugar pea
plants in sandy soils. Plants received (40 kg N fed.) as ammonium sulphate,
(75 kg K0 /fed) as potassium sulphate and (16, 24 and 32 kg P,Os/fed) as
calcium superphosphate. After soil preparation the inoculated and
uninoculated seeds of the three cultivars were sown at 25" and 239 of
October for the first and second seasons, respectively.

Nine plants from each treatment were harvested before the formation of
seeds in the pods to measure vegetative growth, chemical contents and
seedless green pods yield parameters. Other plants were left to determine the
green seeds parameters and the following data were recorded:

A-Vegetative growth parameters

1 -Stem length (cm).

2 -Number of leaves/ plant.

3 -Leaves area/plant (cmz) was calculated according to the following equation:

Leaves area/ plant = __Fresh weight of leaves / plant x Area of disks
Fresh weight of disks

4 -Shoot fresh weight (gm).

5 -Shoot dry weight (gm) was determined after oven drying at 70 °C for 72
hours.

B-Chemical contents

1-Total nitrogen (% of dry wt) was measured as described by AO.AC.
(1975).

2 -Phosphorus ( % of dry wt.) according to Jackson (1967).

3 -Potassium ( % of dry wt.) according to Jackson (1967).

C-Yield and its components
Seedless green pods were harvested from each treatment before the
formation of seeds to measure the parameters of green pods,and others were

left until the green seeds were formed to record the seeds characteristics as
follows:

1-Number of green pods/ plant.

2-Pod length (cm).

3-Pod diameter (cm).

4-Average weight of pod (gm).

S-Yield of seedless green pods/plant.(gm).
B-Total yield of seedless green pods/ fed.(ton).
7-Number of seeds/pod.

8-Weight of seeds/pod (gm).

9-Weight of 100 green seeds (gm).
Statistical analysis. The obtained data were subjected to statistical analysis
according to Snedecor and Cochran (1989).
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RESULTS AND DISCUSSION

1-Vegetative growth.
1.1-Effect of phosphorein.

Results in Table (1) indicate that all vegetative growth parameters
(number of leaves/ plant, plant height,shoot fresh weight, shoot dry weight as
well as leaves area/ plant) of the plants obtained from seeds inoculated with
phosphorein were significantly higher than those of untreated ones. The
enhancing effect may be due to that phosphorein contains active bacteria
which is capable of transforming the tri-calcium phosphate to mono- calcium
phosphate, leading to an increase in the amount of phosphorus absorbed by
the roots (Ashour,1998). Moreover, Suba Roa (1984) stated that phosphate
dissolving bacteria possess the ability to transform insoluble phosphates in
the soil into soluble form by secreting organic acids which lower the pH of the
soil and bring about the dissolution of bound forms of phosphate and in turn
stimulate the vegetative growth. These results were in agreement with those
found by Hauka et al.(1996) on pea, Abo El-Nour et al.(1996) ; Radwan
(1997) on faba bean, EI-Shamma (2000) on dry bean, Abdalla (2002) cn faba
bean, Abdo (2003) on mung bean and Dawa et al.(2003) on pea.
1.2-Effect of phosphorus levels.

Data in Table (1) show that vegetative growth parameters significantly
increased with increasing the rates of applied phosphorus. The percentages
of increments of leaves area were 10.78 %, 18.17 % and 9.67 %, 16.66 % as
a result of using 24 and 32 kg P,Os/ fed. compared with 16 kg/ fed. in the
second season, respectively. Shoot dry weight also showed 22.53 % , 39.52
% and 21.76 %, 30.53 % in the first and second seasons, respectively. The
promotiing effect of phosphorus on growth parameters could be attributed to
the fundamental role of phosphorus in a large number of enzymic reactions
that depend on phosphorylation. It is also a constituent of the cell nucleus and
is essential for cell division and the development of merstimatic tissues
(Russel, 1973). Phosphorus is also essential in the energy transfer processes,
in plants suffering from P deficiency, a marked reduction in leaf expansion,
leaf surface area (Fredeen et al, 1989) and number of leaves (Lynch et al.,
1991) is the most striking effects. The obtained results were in accordance
with findings of Abdalla (2002) on faba bean and Dawa et al. (2003) on pea.

1.3-Effect of cultivars.

Data in Table (1) show that vegetative growth differed among cultivars.
Number of leaves/ plant was the highest with sugar pearl cv. and the
differences between this cv. and the other two cvs. were significant. On the
other hand, the differences between snow wind and sugar gem in this regard
were not significant.

Plant height and shoot dry weight were higher in snow wind and sugar
gem with significant differences compared with those of sugar pearl, but the
difference between the former two cvs was not significant. Shoot fresh weight
and leaves area were the highest in snow wind followed by sugar gem ‘hen
sugar pearl. These results may be attributed to some genetic differences
between the cultivars. Differences among cultivars were also found by Amer
et al.(1992) and Radwan (1997) on faba bean.
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1.4-Effect of interaction.

The interaction effect of different treatments on the vegetative growth
parameters is shown in Table (2). Data show that inoculation with
phosphorein and application of phosphorus fertilizer increased all parameters
of the treated plants. The increments were corresponding to the increase in
the level of applied phosphorus. This was evident in the three cvs in the two
seasons of study. The highest leaves number was obtained from sugar pearl
plants which were inoculated with phosphorein and received the highest level
of P. The highest values of plant height were obtained from inoculated plants
of snow wind and sugar gem cvs with the highest rate of P. fertilizer.
Regarding the shoot fresh and dry weights, as well as leaves area, snow wind
cv. showed the highest values with phosphorein and 32 kg P,Os/ fed. Abo El-
Nour et al.(1996) found that the combination of P. fertilizer and phosphorein
promoted shoot dry weight and number of leaves of faba bean plants. Similar
conclusions were found by Abdalla (2002) on faba bean, Abdo (2002) on
mung bean and Dawa et al. (2003) on pea.

2.-Mineral contents.
2.1- Effect of phosphorein.

Data in Table (3) show that plants of phosphorein treatments had
significantly higher N,P and K contents than those of untreated ones. This
was true in the two seasons.The stimulating effect of phosphorein could be
imputed to that phosphorein contains P dissolving bacteria which increase the
available form of P and increase the absorbing capacity of roots which in turn
increase the N.P and K contents in the shoots. Similar conclusions were
obtained by Hauka et al. (1996) on pea, El-Shamma (2000) on dry bean and
Dawa et al.(2003) on pea.

2.2- Effect of phosphorus levels.

Data in Table (3) indicate that nitrogen, phosphorus and potassium contents
in the shoots increased with increasing the level of applied phosphorus
fertilizer in the two seasons. The increase of N,P and K in the shoots could be
attributed to the increase of the absorpition effeciency of the roots by P.
These results coincided with those of Arisha (1993) and Dawa etal. (2003) on
pea.

2.3- Effect of cultivars.

Data presented in Table (3) illustrate that nitrogen content was
significantly higher in the shoots of snow wind cv. than in the other two cvs.,
which showed no significant differences in this regard in both seasons of the
study.
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Phosphorus content was also higher in the shoots of snow wind cv. The
differences between this cv and the other two cvs were significant in the first
season only while in the second one, the differences were only significant with
sugar pearl cv. Potassium content was the highest in the shoots of sugar gem
cv followed by snow wind then sugar pearl cv. This was evident in the two
seasons.

Table ( 3 ): Effect of phosphorein, levels of phophorus fertilizer on the
contents of nitrogen, phosphorus and potassium as
percentage of dry weight of three sugar pea cultivars grown
in sandy soil during 2001/ 2002 and 2002/2003 seasons.

Characters | N% [ P% K% No  [P% K%

TSaaTE 2001/ 2002 2002/ 2003

Phosphorein

with 3530a |[0466a |230a 3.361 0485a | 228a

without 3.449b | 0428b |212b 3.202 0429b | 2.03b

P. levels kg P2Os/fed.

16 3401c | 0406c |[200c 3.144c | 0420c | 194c

24 3491b | 0452b |227Db 3.288b | 0465b |222b

32 3578a |[0484a |236a 3413a | 0487a | 232a

Cultivars

Sugar pearl 3.487b | 0438b |[215¢c 3.255b | 0444b | 208c

Snow wind 3551a | 0452a [223b 3343a | 0469a |[2.12b
| Sugar gem 3431b | 0440b |226a 3248b | 0459a |227a

2.4- Effect of interaction.

Data in Table (4) show that N, P and K contents were the highest in
the shoots of snow wind cv plants which were treated with phosphorein and
received the highest level of P. fertilizer. This was evident in the two seasons,
except K in the second season which appeared the highest in sugar pearl cv.
plants. The lowest values of N, P and K were in the shoots of plants untreated
with phosphorein and received the lowest rate of phosphorus fertilizer.

3-Yield and its components of green pods.
3.1-Effect of phosphorein.

Data in Table (5) show that inoculation with phosphorein significantly
increased all yield parameters (No. of pods/plant, pod length, pod diameter,
average pod weight, yield of green pods/ plant and total yield of green
pods/fed). The increments in average pod weight were 9.33% and 10.10 % in
the first and second seasons, respectively, compared with the untreated
plants. Phosphorein treatments increased yield / plant by 18.66 % and 14.96
% as well as yield / fed by 11.58 % and 14.77 % over their control in the first
and second seasons, respectively. The increase in yield parameters by
phosphorein is due to the ability of active bacteria to transform the insoluble
form of phosphate to soluble form and increasing its availability to the plants
and this in turn increases plant growth and yield. Results coincided with the
findings of Abo El-Nour et al.(1996) and Dawa et al.(2003) on pea.
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Table ( 4 ): Interaction effect of phosphorein, levels of phosphorus
fertilizer on the contents of nitrogen phosphorus, and
potassium as percentage of dry weight of three sugar pea
cultivars grown in sandy soil during 2001/ 2002 and 2002/2003

seasons.
Characters N% | P% | K% N% | Ph | K%
Treatments 2001/ 2002 2002/ 2003
With phosphorein
cultivars | P. levels
16 3.428 0.411 1.94 3.211 0.423 1.96
Sugar pearl 24 3.516 0.472 2.36 3.364 0.481 2.46
32 3.613 0.495 2.43 3.411 0.493 2.49
16 3:511 0.443 2.23 3.402 0.451 212
Snow wind 24 3.603 0.491 2.36 3.487 0.511 2.24

32 3.668 0.513 2.46 3.507 0.528 2.32

16 3.411 0.419 212 3.156 0.456 2.12

Sugar gem 24 3.482 0.468 2.39 3.276 0.503 2.36
32 3.542 0.480 2.41 3.434 0.518 2.44

Without phosphorein
16 3.372 0.366 1.88 3.049 0.391 1.72
Sugar pearl 24 3.426 0.418 2.08 3122 0.412 1.91
32 3.552 0.467 223 3.368 0.462 1.96
16 3.372 0.406 1.82 3.032 0.422 1.72
Snow wind 24 3.521 0.438 24T 3.267 0.446 2.02
32 3.631 0.488 2.31 3.361 0.451 2.28

16 3.291 0.388 2.02 3.011 0.377 1.98
Sugar gem 24 3.397 0.422 2.26 3.212 0.434 2.32
32 3.462 0.462 2:31 3.349 0468 | 2.40
F test NS NS g NS NS | g

3.2- Effect of phosphorus levels.

Data in Table (5) illustrate that the applied phosphorus rates increased
all the yield parameters and the increments were corresponding with the
increase of applied P level. Pod weight increased by 4.14 % ; 9.33 % and by
6.31 %; 11.65 % as a result of using 24 and 32 kg P,O+/ fed . compared with
16 kg/ fed., in the first and second seasons, respectively. Yield/ plant
increased by 12.21 % ; 22.28 % and 12.88 %, 25.00% in plants fertilized with
24 and 32 kg P,0s fed compared with those had 16 kg/ fed., in the two
seasons, respectively. The same treatments increased total yield/ fed. by
10.90 % ; 23.08 % and by 11.83 % ; 23.67 %.The effect of phosphorus on the
yield parameters may be due to the beneficial role of P in energy transfer and
utilization on the other metabolic processes which reflect on increasing plant
growth and yield. It is also a result of the role of P in the essential processes
such as photosynthesis, carbohydrate metabolism, synthesis of protein and
fatty acids and other processes which depend on the action of coenzymes
NAD and NADP (Bidwell, 1979). These results were held good with those
obtained by Arisha (1993), Metwally (1995), Ali (2000) all on pea, Abdalla
(2002) on faba bean, Abdo (2003) on mung bean and Dawa et al (2003) on
pea.
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3.4- Effect of interaction.

Data presented in Table (8) show that number of pods/ plant was
highest in Sugar pearl plants treated with phosphorein and fertilized with 32 kg
P,Os/fed.. The lowest number of pods/ plant observed in uninoculated snow
wind plants which received 16 kg P,0O4/ fed However, snow wind plants with
phosphorein and 32 kg P,0y/fed gave the highest values of pods weight,
yield/ plant and yield/ fed. El-Khawaga and Zeiton (1992) found significant
differences in résponse of faba bean cultivars to different levels of
phosphorus.

4-Number and weight of seeds/ pod and weight of 100 seeds.
4.1- Effect of phosphorein.

Results of Table (7) reveal that number and weight of seeds/ pod and
weight of 100 seeds increased as a resylt of inoculation with phosphorein,
The increments were not significant for seeds number and significant for the
weight of seeds. The significant effect of phosphorein could be due to its role
in transforming the fixed form of P and increasing the uptake of phosphorus
which helps in increasing the weight of seeds. Resuylts are in coincidance with
those found by El-Kalla et af (1997) and Abdalla (2002) on faba bean . Abdo
(2003) on mung bean and Dawa et 3/ (2003) on pea.

4.2- Effect of phosphorus levels,
Data in the same Table (7) show that number and weight of seeds/ pod
significantly increased with increasing the levels of applied Phosphorus. The

4.3- Effect of cultivars.
Data in Table (7) declared that number and weight of seeds/ pod were

significantly higher in snow wind cv. than the other two cys. followed by sugar
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Table (7 ): Effect of phosphorein, levels of phophorus fertilizer on
number of seeds/pod, weight of seeds/ pod and weight of
100 seeds of three sugar pea cultivars grown in sandy soil
during 2001/ 2002and 2002/ 2003 seasons.

Wt of Wt. of 100 No.of Wt. of Wt of 100
Characters se:;;;od zzjdsf ’ s(zen?)s s;t:’sl s:'e(dslJ j;er:)s
p m pod (gm
THeiiiamta 36017 2002 2002/ 2003
Phosphorein
With 8.22a 3.18a 38.21a 8.99 a 3.39a 4132 a
Without 8.04 a 3.03b 36.70b 8.78 a 3.24b 39.51b
P. levels Kg P.Os/fed.
16 7.86¢c 296 ¢ 36.16 b 8.57b 3.15¢c 38.98b
24 8.12b 3.12b 37.60a 8.83b 3.35b 40.47 a
32 8.41a 3.24a 38.60a 9.11a 3.49 a 4183 a
Cultivars
| Sugar pear 7.67b 2.93b 37.65b 8.48 b 3.17b 40.98b
Snow wind 8.87 a 3.51a 38.62 a 9.50a 3.73a 41.66 a
Sugar gem 7.84Db 288D 36.10¢c 8.52b 3.04b 38.65¢

4.4- Effect of interaction.

Results of Table (8) show that the highest number and weight of seeds/
pod and weight of 100 seeds were found in snow wind cv when treated with
phosphorein and with the highest rate of phosphorus. The lowest values were
obtained from sugar gem plants untreated with phosphorein and fertilized with
16 kg P,Os/fed.

Table (8): Interaction effect of phosphorein, levels of phophorus fertilizer on
number of seeds / pod, weight of seeds/ pod and weight of
100 seeds of three sugar pea cultivars grown in sandy soil
during 2001/2002 and 2002/ 2003 seasons.

Characters Noof | Wtof Iweof100| Noof | WEOf | wiof100
seeds/ seeds/ pod
seeds/pod pod (gm) seeds (gm)|seeds/ pod (gm) seeds (gm)
i 2001/ 2002 2002/ 2003
With phosphorei n
Cultivars P.levels
16 7.55 2.92 37.23 8.32 3.19 40.33
Sugar pearl 24 7.70 2,98 38.69 8.46 327 42.15
32 7.82 3.05 39.81 8.61 3.39 43.19
16 8.81 3.44 38.17 9.44 3.64 41.35
Snow wind 24 8.86 361 39.41 9.53 3.87 4210
32 9.25 3.82 40.07 9.92 3.95 44.01
16 7.63 2.76 35.49 8.26 2.90 38.15
Sugar gem 24 7.85 2,94 36.92 8.47 3.10 39.72
32 8.48 3.09 38.11 9.11 3.22 41.12
Without phos.
16 7.41 274 35.41 8.15 2.92 38.15
Sugar pearl 24 7.69 2.91 36.72 8.37 3.10 40.11
32 7.86 2.97 38.00 8.97 347 41.92
16 8.42 3.23 36.87 9.12 3.44 39.75
Snow wind 24 8.79 3.41 38.09 9.63 3.68 41.03
32 9.11 3.56 38.89 9.34 3.81 41.73
16 7.36 269 33.79 8.10 2.81 36.17
Sugar gem 24 7.80 2.88 35.56 8.52 3.08 37.72
32 7.92 2.93 36.74 8.71 3.19 39.04
F test NS NS NS NS NS NS
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This was noticed in the two seasons. Moreover, in each cultivar, the best
results were obtained from the combination between phosphorein and 32 kg
P;0s/fed. the combind effect of phosphorein and P on the yield of seeds was
also obtained by Abo El-Nour et al., (1996) and El- Kalla et al. (1999) on faba
bean and Dawa et al. (2003) on pea.
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